INTRODUCTION
phlebium and the neotropical species of Serpocaulon have similar venation, and both genera bear clathrate rhizome scales, the similarities are convergent, as indicated by their positions in phylogenetic trees based on molecular data (see Schneider & al., 2004b) . Goniophlebium s.s. falls within an almost exclusively monophyletic Old World clade (as far as known, the lone exception is a single disjunct species of Platycerium in the Andes; Schneider & al., 2004b) , whereas Serpocaulon nests in a predominantly New World clade (with a few African outliers) containing the genera Microgramma, Campyloneurum, Pleopeltis, Pecluma, and Polypodium s.s., as well as the pantropical grammitid clade. Rödl-Linder (1990) and Lellinger (1993) also specifically excluded all New World species of Polypodium from Goniophlebium on the basis of several morphological characters, e.g., the absence of black sclerenchyma strands in the rhizomes, peltate-based rhizome scales, the absence of hairy or scaly paraphyses in the sori, and the folded perine around the spores.
In this paper, we restrict the application of Polypodium L. (Sp. pl. 2: 1082. 1753), with lectotype P. vulgare L. (chosen by John Smith, Hist. fil. 88. 1875) , to a group of predominantly temperate (mainly north-temperate) species plus a less widespread, tropical and subtropical group of Mexican-Mesoamerican species. Polypodium, as defined in this narrow sense, then comprises about 15 species in temperate regions of America, Europe, Asia and Africa Haufler & Ranker, 1995) and perhaps another 15 species in Mexico and Mesoamerica. The species have deeply pinnatifid or weakly 1-pinnate blades, concolorous or sometimes slightly bicolorous, orange-tan to brown, non-clathrate rhizome scales, free or weakly anastomosing venation (each areole with a single, free, included veinlet), sori terminal on ends of free included veinlets, channeled stipes, filamentous or branched paraphyses, and more frequently branched rhizomes.
Within Serpocaulon, eight (of about 40 total) species have been included previously (as Polypodium) in a phylogenetic study using the chloroplast DNA regions rbcL, rps4, and rps4-trnS intergenic spacer (Schneider & al., 2004b) : Polypodium adnatum Kunze ex Klotzsch [voucher re-identified herein as S. richardii (Klotzsch) Domin], P. fraxinifolium Jacq., P. funckii Mett. (voucher re-identified as S. ptilorhizon (H. Christ) A. R. Sm.), but not used in the current study), P. levigatum Cav., P. patentissimum Mett. ex Kuhn, P. ptilorhizon H. Christ, P. triseriale Sw., and P. wiesbaueri Sodiro [= P. eleutherophlebium (Fée) Mett. in this paper]. In a maximum likelihood analysis (Schneider & al., 2004b) , this clade is monophyletic, with clade confidence values of 1.00 (Bayesian posterior probability: PP) and non-parametric bootstrap support of 99%. In the Schneider & al. analysis, this clade is weakly supported (Bayesian PP 0.52) as sister to the entire pantropical grammitid clade (Grammitidaceae, in many classifications), comprising about 750 species. In molecular analyses, Serpocaulon is well removed from other species groups currently treated in Polypodium, namely the scaly species (including Pleopeltis Humb. & Bonpl. ex Willd. s.s., Marginaria Bory, Polypodium furfuraceum and allies, P. myriolepis and allies, P. guttatum and allies, Dicranoglossum J. Sm., Microphlebodium L. D. Gómez (Gómez, 1985) , Pseudocolysis L. D. Gómez (Gómez, 1977) , and possibly several other segregate genera) as well as from the Polypodium vulgare group and from Pecluma M. G. Price. In the present study, we developed and analyzed new molecular data from 15 additional species, as well as incorporating examples from previously sequenced species, for a total of 22 species now examined-representing slightly more than half of the currently known species.
It is the objective of this paper to present the molecular and morphological evidence for characterizing Serpocaulon, formally name the new genus, and effect transfer of species belonging to it.
MATERIALS AND METHODS
Sequences of four chloroplast DNA regions, rbcL, rps4, rps4-trnS intergenic spacer, and trnL-F intergenic spacer, were generated using primers and protocols as described in previous studies (Haufler & Ranker, 1995; Schneider & al., 2002 Schneider & al., , 2004a Haufler & al., 2003; Janssen & Schneider, 2005) . With the exception of newly generated sequences for samples of Serpocaulon and trnL-F for Microgramma percussa, all sequences used in our current study were published in previous papers (Schneider & al., 2004a, b) . The taxon dataset in the current paper is a subset of the one used by Schneider & al. (2004a) , plus additional species of Serpocaulon. Appendix 1 provides the GenBank accession numbers for all samples of Serpocaulon, including previously published sequences. For information concerning sequences of taxa not belonging to Serpocaulon, except for Microgramma percussa, see Schneider & al. (2004a) . All sequences were aligned manually using MacClade 4.0 (Maddison & Maddison, 2000) . Ambiguously aligning regions were excluded from all analyses.
Phylogenetic analyses were performed using PAUP* 4.0b10 (Swofford, 2000) . Dictymia brownii (Wikstr.) Copel. was chosen as the outgroup representing the loxogrammoid lineage, which has been shown to be the sister lineage of all other polygrammoid ferns (Schneider & al., 2004b) . Maximum parsimony analyses were generated using the heuristic search mode with TBR branch swapping, 1000 random addition sequence replicates, and MULTREES on. Bootstrap values were calculated with 10,000 bootstrap replicates using the heuristic search mode with TBR branch swapping and 100 random addition sequence replicates. The absence of incompatibilities among the four chloroplast DNA regions was controlled by visual comparison of the results of bootstrap analyses of each of the four cpDNA regions. Differences were judged to be inconsequential, and the four regions were combined in all analyses presented. Maximum likelihood analyses were carried out with models selected using the hierarchical likelihood test as implemented in Modeltest (Posada & Crandall, 1998 ). The same model, GTR + I + Γ, was selected using the AIC criterion in Modeltest. It was implemented with the following parameters: A = 0.2974, C = 0.1980, G = 0.2020, T = 0.2944, A-C = 1.2135, A-G = 3.4737, A-T = 0.4586, C=G = 1.0138, C-T = 4.3370, G-T = 1.000, I = 0.2371, and Γ = 0.999 in the files executed in PAUP* 4.0b10. Tree searches were performed using the heuristic mode with TBR branch swapping and 100 random addition sequence replications.
Bayesian inference of phylogeny was carried out with MrBayes 3.0 (Huelsenbeck & Ronquist, 2001 ) with the GTR + I + Γ model implemented for 4 chains with 10,000,000 generations, of which each 1000 th generation was sampled. The burn-in phase was identified visually and excluded before inferring Bayesian posterior probabilities.
RESULTS
Maximum likelihood analysis of the combined dataset yielded an optimal tree with a -lnL = 0.20233.97 (Fig. 1) . Maximum parsimony analysis of the same dataset resulted in 348 most parsimonious trees with a length of 3023 steps, consistency index of 0.4408, homoplasy index of 0.5592, retention index of 0.7033, and a rescaled consistency index of 0.3899 (Fig. 2) .
Serpocaulon was monophyletic in maximum likelihood (ML), maximum parsimony (MP), and Bayesian Inference of phylogeny (BY), with strong support in BY analysis (Fig. 1 , PP = 1.00) and MP analysis (Fig. 2 , BS = 99%). Serpocaulon was not closely related to other segregates of Polypodium such as Goniophlebium, Pleopeltis, Pecluma, and Polypodium s.s. Serpocaulon triseriale was strongly supported as sister to the remaining 21 species of Serpocaulon included in this study (Figs. 1, 2) . In the ML analysis, S. sessilifolium (clade II in Figs. 1 and 2 ) was sister to the remaining 20 species. These 20 species clustered into two clades (clade III + IV in Fig. 1 ). One clade included the species S. lasiopus to S. silvulae (clade III in Fig. 1 ), whereas the other includ-ed S. eleutherophlebium to S. maritimum (clade IV in Fig. 1 ). The latter clade had strong support in the BY analysis (PP = 1.00) and poor bootstrap support in the MP analysis (BS = 72%). The clade including S. lasiopus to S. silvulae was not monophyletic in the strict consensus tree of the 348 most parsimonious trees (clade III in Fig. 2 ), but it was present in 95% of these trees. In the MP analysis, S. sessilifolium (clade II in Fig. 1 ) was sister to the clade comprising S. eleutherophlebium to S. maritimum (clade IV in Fig. 1 ).
All five species represented by more than one specimen formed clades, at least in the ML analysis. The four specimens of S. sessilifolium formed a strongly supported clade (BS = 100%, Bayesian PP = 1.00). Two specimens of S. subandinum were sister to each other with bootstrap support of 97% and PP = 1.00. Two specimens of S. richardii also formed a clade in the ML tree but this clade was found in only 74% of the MP trees. A Bayesian PP of 0.98 supported the monophyly of this species. Two specimens of S. crystalloneuron formed a clade with S. silvulae in the ML tree, with PP of 1.00, but only 95% of the most parsimonious trees possessed this clade. The two specimens of S. intricatum formed a clade with S. latipes and S. latissimum in both ML and MP trees. This result was supported by a Bayesian PP of 1.00 and a bootstrap value of 90%. Smith & al. • Serpocaulon, a new fern genus 55 (4) 
DISCUSSION
The monophyly of Serpocaulon is strongly supported in all analyses of the cpDNA sequence data, data that include slightly more than half of the currently accepted species. In all phylogenetic analyses, the lineage is clearly separated from other lineages traditionally assigned to Polypodium s.l. (Schneider & al., 2004a, b) , and it is unambiguous whether a given species of Polypodium s.l. is included or not. Serpocaulon appears morphologically well-defined and has been recognized previously as a putative natural group by various authors (Tryon & Tryon, 1982, Group 2; Tejero-Díez & Pacheco, 2004) ; all three of these species were mentioned by Lellinger as belonging to subg. Polygoniophlebium. attempted a revision of the Polypodium loriceum group (our genus Serpocaulon) based on morphological characters, and several new species have been described since (Kessler & Smith, 2005) . Because circumscription of the "loriceum" group is basically the same as ours, it is of interest to compare the results of his morphology-based cladistic analysis with our molecular results. With Hensen's dataset, homoplasy was acknowledged to be a major problem. A further problem was his selection of Campyloneurum as outgroup, because this genus may not be the closest relative of Serpocaulon (Schneider & al., 2004b) . Hensen assessed 18 characters of the rhizomes, rhizome scales, fronds, indument, and spores, and his consensus cladogram shows two major lineages, one of which corresponds in part with a clade found in all analyses of our cpDNA dataset that was strongly supported in BY (PP =1.00) but poorly supported in MP (BS = 72%) (Fig. 2, clade IV) . This clade includes taxa with less scaly rhizomes, with many of the species having wholly or partly appressed scales. Hensen's "scaly" clade also included S. sessilifolium, which is either sister to the other major clade (Clade IV) of Serpocaulon (MP) or sister to clades III + IV (ML) based on our cpDNA evidence. Taking into account the basal position of S. triseriale, the cpDNA data suggest a trend from densely scaly rhizomes towards less dense indument and decreasing size of the scales in this genus. In Hensen's analysis, S. triseriale was sister to a clade that included taxa with reduced indument density. This result may reflect the presence of many plesiomorphic features in this putatively earliest diverging species of Serpocaulon.
We see other resemblances of putatively related species in the Hensen cladogram and our molecular tree. These include 1) a Hensen-clade containing species with 1-pinnate blades and 3+ rows of areoles and sori between costae and pinna margins (containing S. appressum, S. fraxinifolium, S. richardii, and two other species not sampled by us, S. adnatum and S. caceresii-a subset of our clade IV in the ML analysis (Fig. 1) ; and 2) a clade containing most of the species with densely scaly rhizomes (comprising S. crystalloneuron, S. gilliesii, S. lasiopus, S. vacillans, and S. wagneri)-basically, our clade III in the ML analysis (Fig. 1) . Thus, the genealogical composition of both Hensen's morphology-based tree and our molecular tree show similarities, although some of the results are difficult to compare because sampling in the two studies differed, and we have also adopted different circumscription of certain species.
Currently, evidence suggests some trends in the morphological evolution of Serpocaulon. Densely scaly rhizomes appear to be plesiomorphic, with a trend toward reduction in the number and size of scales on the rhizomes. Narrowing of the rhizome diameter also seems to be correlated with scale reduction. Species with the thinnest rhizomes (smallest diameter) and fewest scales form a grade at the base of our clade IV in the ML analysis ( Fig. 1) : S. eleutherophlebium, S. ptilorhizon, S. subandinum, and S. levigatum; however, S. patentissimum, with the fewest rhizome scales and thinnest rhizomes, is not clearly part of this clade. Not only is scale number reduced in these species, but the rhizome scales are often tightly appressed, or spreading only at the scale tips; the ultimate reduction is seen in S. patentissimum, S. levigatum, and S. ptilorhizon, where the rhizomes are subglabrous; these species tend to grow at high elevations. Species having dense, persistent, spreading, and strongly overlapping scales fall toward the base of the tree in both ML and MP analyses (Figs. 1-2 
): S. attenuatum, S. crystalloneuron, S. gilliesii, S. lasiopus, S. sessilifolium, S.
triseriale, and S. wagneri. Several of these grow at low elevations, and all except S. triseriale have a single row of sori on each side of the costa.
Another trend within Serpocaulon appears to be increasing pinnation (ultimately to completely free, nonadnate pinnae) in the clade comprising S. maritimum, S. fraxinifolium, S. appressum, S. giganteum, and S. richardii. Several other unsampled species are expected to fall within this clade, e.g., S. caceresii and S. adnatum. Those species showing increased pinnation (free non-adnate pinnae) also show a greater number of rows of areoles (and sori) between the costae and pinna margins.
Serpocaulon is related to several genera with an exclusively or nearly exclusively neotropical distribution. We refrain from drawing conclusions about the closest relative until denser sampling of the putative closest lineages, such as Microgramma and the grammitids, can be performed. In Schneider & al. (2004b) , Serpocaulon was found to be sister to grammitids, but these relationships were poorly supported. Further evidence is needed to confirm this hypothesis or to confirm alternative hypotheses such as close relationships between Microgramma and Serpocaulon or between Campyloneurum and Serpocaulon. Further sampling must also precede exploration of the radiation of Serpocaulon in the Neotropics and possible correlations between the origin of Andean habitats and the diversification of the genus in that area, home of nearly three-fourths of the species in the genus. We note that the basalmost species in the genus, S. triseriale, has the largest distribution of any species in Serpocaulon, covering nearly the entire distribution of the genus latitudinally (but not elevationally). Biogeographical and ecological trends can be only generally stated using existing data: (1) Serpocaulon shows the greatest diversity in South America; (2) species occurring at lowest elevations in the genus, usually below 500 m, appear to be members of the basalmost branches of the tree (S. attenuatum, primarily Amazonian; S. triseriale, mostly 100-1500 m; and S. wagneri, mostly 0-1000 m); and (3) those species having thinnest rhizomes and fewest scales are entirely or predominantly middle-to high-Andean, in comparison to many of the other species of Serpocaulon, which are more widespread, in montane forests, or mainly at low to middle elevations.
Although the current sampling is insufficient to draw conclusions about the relationships among the species of Serpocaulon as well as the monophyly of some species, this summary illustrates that the sampling is adequate to outline some issues that need to be considered in future studies and in any exhaustive revision of the genus. A denser taxon sampling with additional molecular markers must be obtained before these issues are explored in detail. A Polypodio sensu stricto venis ordinate anastomosantibus, areolis cheveroniformibus (similaribus Goniophlebio et Thelypteridi subg. Meniscio), 1-10-jugatis inter costas et margines pinnarum, omnis areolis venula singulari inclusa excurrenti libero, paleis rhizomatum clathratis, minimum centraliter vel basaliter, generaliter peltatis, rhizomatibus plerumque longirepentibus, parce ramosis, distributione neotropico differt; a Pleopelti sensu lato laminis pinnatisectis vel 1-pinnatis, paleis carentibus abaxialiter et adaxialiter in venis et interveniis differt; a Pecluma venis ordinate anastomosantibus differt.
TAXONOMIC TREATMENT
Epiphytic or epipetric, infrequently terrestrial. Rhizomes usually very long-creeping, short-creeping in a few species, sparingly branched, the phyllopodia (0.5)5-20 times the rhizome width apart, sometimes glaucous, root proliferations absent; black sclerenchyma strands absent; vascular bundles sometimes with sclerenchyma sheaths; scales round, oblong, lanceolate, or lanceolate-attenuate and with a filiform tip, bicolorous, part of each scale clathrate with the side walls dark brown or black, sometimes the lumina also blackish so that the scales appear completely black, generally peltately attached (or with strongly overlapping lobes at a deeply cordate base), surfaces glabrous (lacking rhizoidal surface indument), margins entire or toothed. Stipes stramineous to light brownish, nearly terete proximally, flattened to channeled distally. Blades pinnatifid to pinnate, rarely simple (S. levigatum) or shallowly pinnatifid, monomorphic, stipitate, articulate on short phyllopodia; laminae glabrous, hairy, with scales absent, or scattered clathrate scales present along the costae and a few on the rachises; veins regularly anastomosing (goniophlebioid), areoles chevron-shaped and each with a single, free, included vein. Sori round or nearly so, in one to 10 rows between costae and margins, exindusiate, each sorus terminal on a free included vein; paraphyses absent or present and short, 2-3-celled, glandular, not easily seen; sporangia glabrous. Spores light yellowish to whitish, bilateral, exine verrucate, perispore relatively thin or occasionally thickened, generally tuberculate, occasionally winged; x = 37. Distribution: ca. 40 species, several recently described (Kessler & Smith, 2005) , and several more needing description. Preponderantly S. American, but with 14 species extending or restricted to the Antilles, Central America, and southern Mexico (S. antillense, S. attenuatum, S. dissimile, S. eleutherophlebium, S. falcaria, S. fraxinifolium, S. giganteum, S. levigatum, S. loriceum, S. loriciforme, S. maritimum, S. ptilorhizon, S. triseriale, S. wagneri) . The only species restricted to the Antilles or to North America north of Colombia are S. antillense and S. falcaria, while 26 species are confined to South America.
Serpocaulon differs from Polypodium in having regularly anastomosing (goniophlebioid) veins with individ- ual areoles chevron-shaped and each with a single, free, included veinlet; sori are in one to 10 rows between costae and margins (Figs. 3-4) . Polypodium has veins free, casually anastomosing, or (especially in Mexican and Mesoamerican species) with areoles forming a single row between costae and pinna margins, and species have only a single row of sori on each side of the costae. Additionally, the rhizome (and costal scales, if present) in Serpocaulon are clathrate (Fig. 3B) , sometimes strongly so, at least in the central or basal part of the scales, although in some species, the lumina are also rather blackish or obscure; rhizome scales are also usually peltately attached at their base, or with a deeply cordiform base with strongly overlapping lobes (e.g., in S. sessilifolium). In Polypodium, the rhizome scales are ± concolorous and invaginated at the base, with somewhat overlapping basal lobes. Rhizomes of Serpocaulon are generally much longer-creeping and less frequently branched than in Polypodium (Figs. 3C, 4A, H, N) . Polypodium s.s. is largely north-temperate, Mexican, and Mesoamerican, while Serpocaulon is tropical or subtropical in distribution, with most species in South America.
From Pleopeltis, Serpocaulon differs in the absence of scales on veins and tissue between veins and generally easily visible venation. Many species of Serpocaulon have glandular or acicular hairs (Figs. 3D, 4B ), which are lacking in most species of Pleopeltis. Pecluma differs from Serpocaulon in having free or sporadically anastomosing veins, a single row of sori on each side of the costae, often reduced proximal pinnae, non-clathrate, often comose rhizome scales, generally short-creeping rhizomes, and pinnatisect blades with usually more than 30 pairs of pinnae per blade and pinnae usually dilated at the base. Phlebodium differs from Serpocaulon in the shorter-creeping, generally much scalier rhizomes, nonclathrate, reddish to orangish, concolorous, spreading scales, the vein areoles more irregularly arranged, and by the sori served by two excurrent veinlets that are joined at their tips; Phlebodium is only remotely related to Serpocaulon in phylogenetic analyses (Schneider & al., 2004b) .
Serpocaulon comprises several somewhat ill-defined and informal morphological groups: (1) the S. loriceum group (S. dasypleuron, S. falcaria, S. intricatum, S. latipes, S. latissimum, S. loriceum; Figs. 3D, , with rhizomes glaucous or not, rhizome scales scattered (or rhizome nearly naked) to dense, clathrate, at least centrally, round to ovate to ovate-lanceolate, blades pinnatisect, or with strongly adnate and often surcurrent pinna; veins anastomosing in 1 (occasionally 2 or 3) row(s), scattered scales present on midribs abaxially, these dark and clathrate; (2) Chromosome numbers reported for species of Serpocaulon are diploid, 2n = 37 II (or 2n = 74) for most species, a common number in Polypodiaceae: Polypodium ptilorhizon and P. fraxinifolium (Sorsa, 1966) ; Polypodium chnoodes (Walker, 1966) ; and Polypodium loriceum and P. triseriale (Smith & Mickel, 1977; Walker, 1985) . The tetraploid condition, 2n = 74 II, has also been reported for P. triseriale (Walker, 1966) . x = 37 is by far the commonest base number in neotropical polypodioid ferns, and also occurs in Polypodium s.s.
The spores of Serpocaulon are typical of other polypods, light yellowish to whitish, ellipsoid or reniform and monolete, and with a generally tuberculate perispore (e.g., Serpocaulon levigatum, S. latipes, S. maritimum, S. meniscifolium, S. subandinum, and S. triseriale; ) surrounding a low-verrucate exospore (e.g., Serpocaulon latipes, Tryon & Lugardon, 1991: 344; S. wagneri, Hensen 1990: fig. 62 ). The illustration of the spores of S. sessilifolium by both and by Tryon and Lugardon (1991: fig. 131 .6) shows a perispore with loose folds (wings) that appears unlike most other members of the genus. Serpocaulon wagneri also has low perispore folds overlying a low-tuberculate pattern. 
Excluded species:
Polypodium kunzeanum C. Chr. -Cited by Tryon and Stolze (1993) as a synonym of P. sessilifolium Desv., which we believe is not closely related. Polypodium kunzeanum (Costa Rica to Peru and Brazil) has much less regular venation, sometimes with two included and themselves anastomosing veins within an areole, cordatebased, non-adnate pinnae (the basalmost with lobes overlapping the rachis), and non-clathrate rhizome scales.
